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_ASRIAL PHOTOGKAPETC STDY
OF PLANT DISTRIBUTION AZD DISPERSION

. i 8. V. Viktorov

Reccpaition of the types of vegetation and the types of hebitat in the desprt
by esrial photography is still am insufficiently developed vart of gecbotany.
g Dogo ohe hologloal features of tha plants themselves {the form of the corolla,
and so forth) ave used, of the study is based an topographical conditions, which
) 2othaa does not alvays glve dependsble results. Therefore, tie developuwent of a

system of signs for interpretation and their accurate defining appears expediemt.

In 1946 the author worked in the demert with aerial photographs om a scals
e of 13110,000 and 1:20,000. The aim of this work was the use of phyto-coenctypes
ae indicators in goological investigaticns. Ons of the problems vas ceeking out

thes largest poseidble mumber of signs for interpretation oi plant grovps aad thslir
“habitats,

Binoe an asrial photograph opens great possidbilitles feor rux-7oying vegetatiom
in an area, in ordsr to describe its contours, and to syetematize tho neceseary
measuremsnte the enthor attempted to determine singular outlines prednced by °°
ddiffereont types of vegetation, and to uee these outlines for interpretation. This
problem has been investigated anly slightly exd zainly for tupdvas. ¥or éonditions
ip Cemtral Asia this method may glve définite results, as witness the inveetigationg
by I. I. Giaritov in Fyandsh, vhere he succeedsd in surveying the iistrict murcund-
ing the Vakhsh River.

Iiwutiaatima wore conducted in two directions. Ome of these, which may be
designated as morphographic, iacluded a description of the extermal cutlines and
the internal structnre of asrial photograrhic images of related groups.
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1 The other, or morphomtﬂc dirsection; includsed the different waya of !
; } : measuring the quentitative cheracteristics of digtribution of the vegetatvion
derived by on-the-spot measurements and measurements on the photcgrephs. -

e The object of the studiea was vegetation cf both the ancient and present
; lake besins in the deserts of Kyzyl-kam and Eera-kum. In Kyzgl-lum, studies vere
made in the basims lying to ths soath of the Khala-ata hills, the basins between
the Uzun-luduk well, and the Donguz-teu elevation {named Uzur-kudukskoy in its ot
extremity), and in the Agytms, Mynbulak, Aygyrbulak, Dzharva-kmduk, and Sor-bulslk 5
bagins. OF the extent lakes, the Su-yer-gan tc the east of c¢he city of Turtlul',
tap-sandzhar on the eastern border of Kare-¥um and Akhcha-kul at the hase of i
Mt Snltan-uiz-dsg were studied., Besldes these, a visit was made to the Barsakel’ : ‘
mas bapin et Ust'-urt. ' )

The basic slements of the vegetaticn here were the followling groups of
phyto-coonatypes: (&) growths of different epecles of Tamarisk; {t) growths
of Bitrarie Schoberl w. apd iyclum Turcamapicum F. et M.; (c) growths of &ifferent
succulent halephytes -- chiefly Halccnmemum strolilscenm M. B. and Ealidium
foliatum Mog. Tand; (d) growths of Suaeda physophors Pall; (o) Llack haloxylen
Haloxylen aphylium I1jin.

From the point of view of thelr form and styucture in asrial photographa,
all the depignated coenotypes may be divided inte the following two groups:

1. Coenotypes, parts of which have a cherecterietic external shape and
specific internal structure easily visible in aerial photograyhs.

2. Coenctypes, parts of which lose characteristic shape and &iscernible
gtructure in photographs. Their characteristlc form may be shown not so mich by
desoription, as by quantitative characteristice of distridution of the plants.

. The cheracteristic represeniatives of the Iirst growp are grovths of d1fferent
o gpecies of the genms Tamarix (chiefly T. hlspida Willd., T. Karelinl Bee.}. They
were characteristic both as to form and structure and dlspleyed so many close tles
‘between morphology of contour and charecter of habitat that they might serva for
4dentifying their hubitatl,

Firstly, thort was promirent a large group of curved contours, round or
elliptical, which gentically were alvays linked with no-outlet, driled-up or
drying lake beds., These included two types: (2) contours in the form of wige,
intenoely derk, comtimous circles, that is, dovoid of vieidble intermal structws,
scmetimos concentrically encompassing one another, amnf. (b) eontours ir the form
of narrow aireies, consisting of separate bushes far remcved from ons another,
which in photographs became a fine dotted 1ine. The first type was linked with
active basins, the sscond with amcient drled-up basins.

Auother group formed contours which appeared as more or less straight bands
or lines. Among these, also, . .two varletles were d4stinguished: the firet,
represented by comtirmous dark pands, was associated with contimous cr intermit-
tont surface strecms; the second, repressmted by bande or lines ‘of sewparate, usually,
rather large, bushes, situated on the hills, marked zonee of subsurfacs water aleng
various tectopic lines., Thia type of tamarisk growth on the hills, the latter
lnovn locally as "ehukalak®, vas especially well marked In the photographs due to
the large size of the hills and bushes, characteristic petterns similar to beads,
and rather vell-defined rectilinearity,

The zome of distribution of succulent seltwort, Ealocnemur atroiilaceun,
Kalidtum foliatum, described by many suthors for drlel-up lake Yasins, was also
well marked in the photographs due %o the difference in the intensity of the
gresa color of ths saltwort., In the 1:10 ,000 photographs 2 characteristic fine-
gralned structure could be cbserwed inside the contours of bdoth Halocnsmum and
Ealidium,
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: Crowths of nitrer‘a ard Iycivw turcomsnicum, fairly thlck in the lake
g basing, were without specific outlines in the photograph. They appearsd as
) . distinetly vieible acowmlaticns; not covtiguous cme with ancther, spotted blure,
each cne 2 single tush. An entire secticm occupled by thess coenotyres may
heve the most varied comtours.

In the same way, meither hal <ylom nor dondia growibs bad saffiolently
dofinite merkings in the picture, either im regicnal outlines or in internal
formation, Therefore, for characterietice of their structure it was necesaary
to reaort t¢ measursuents.

The tepdency to cheracterize a bioclogical coenotype by distritution of ita
component orgenisma has existea for a lomg time. Some gecbotemists, pertiowlarly
of the Moacow schoel, used for the charscteristic of structurs of phyto-coenotypes,
curves whiok may be called curves of distribution. This method was used by the
eguthnr in kis resesrch. ‘

The epplication of this method to an amalysis of asrial photographs of wood
and brush ‘2egert vegetation in sdvantageous in that hers we desl chiefly with
diapersed coenctypes which are separated by definito intervals and are represented
on the photograph as separate dots. Thie permita compering meseurements made
on the ground vith messnvemente in the photographs. The selectiom of material
wves made thvs: in wms plant group section, not lese thanm 100 measuremsnta wers
wnide of the Aistances between plants; measvremerts vwere made from cne plant tvo
all others of its type with vwoleh it cculd be Joined in o straignt Jino not cross-
ing a spscimen of the same species; then the nsrt ome was taken and so on until
. tho necessary mmber of measurements was cbtained. In every basin, the measure-
ments vore made in four or five localities, taking imto account'the similarity
in topographical and soil sonditions. The moasurements obtained were divided inte
olasses. The class interval was chozen for the most part vith such caleulstion
1hat 1t would be discernible on the photograph, apd sc that the data cbtagned in
the ares might da compared with the data cbtainsd from the pholograph. Therefore, -
this method was used only Tor apecies where the distance bBetween specimens wee i
gufficiontly great, on the sversge not lese than 2,5 meters. The resuli jas a~’
tabie from which ocoull be seen what percemt. of the distances between spocimens
pertained to om? class, wiat percsnt to another, and ao forth. Froam this data
1t was possible to plot the curve of distritwtion, plotting the classes on the
axis cf the adsciesas, axd the percenteges of the measurel distances of a given
class on the axis of the ordinated,

The first thimg we succeeded in establishing Ly way of comparison of
messurements cbtainsd was s osrtain similarity in the distribdution of cme end the
gems mpecles umder similan aomditions of habitat in the varions basins. Thus, for
example; there may ds clted the following date on the distrilucion of Sunseda
phgeophora Pall, in different parte of Kyzul-kum ir perosntages: :

Cless of
Distance 0-2.50 2.51- 5,01- 7.51- 10.01- 12.51
(22 m) : 5.0 .50 10.0 12.50 15.0
Basin
Myn-bulak ns 54 14 6 -- -
Dshara-kuduk 26.0 40.5 20.0 9.7 0.k R
Uma-kaduk 30 36 26 8 -- --

A motable similarity was observed aleo between the dlstridution of tamarisk
plants at mimilar stages of development of the chukalak in various regions:

Class of
Distance 0-10.0 10.01- 20.01- 30,01~ 40.01-
(1n m) 20.0 30.0 %0.0 50.0
Area
Kol Chukalak
Reyon (M of Eyzylkum) 52 33 10 2 3
Athcha-knl' Rayon 52 35 6 5 2
- 3 -
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i The; reasops for fhia wniformity are hard to exphin fully at present tut
o | it is vrobeble that one ie the comparatively simple formation of the coenotypes
! ptudied: they a3l represent growths of ome species (rarely two or three), zmd .

with the similarity of comditioms of habitat the distritutiom here 16 regulated
essentiaily by the dimensicms of a fundamental spaers. In more highly organized
coenotypes with complex interrelatiomships, the contimuity of dietribution may
be more liaited.

For the eimple types of vogetatlion studied it appeared possible to eet up
geveral empirical schemes of aversge distributiom in the form of tables or
araphs. These schemes reflscted the sverage picture of the distribtmtion of a
given species in especific habitats and could be employed in the interpretation of
habitats on asrial photograpbes in the natures of auxillary signa. Tdentification
of Mabitat &sh Be 1llustmsted by examining the following two cases. :

On the chukmlsk formed in areas with active sudbsarface waters, Lhe temrisk
csn be distributed in several ways. On the small recentiy-formed hills, its dis-
tricution by Aletance class in percentages can dbe ropremanted by the following
average guantities tlaesos of distunces given in meters) :

0-10m 10.1-20 20.1-20 30.1-40 40.1~50 50.1-60 60.1-70
21% k3.3 18.6 8.6 5.3 1.3 2.9

According to tha growth of the hills in height amd in dlemoster, by virtue
of the aconmmlation of sand, saltes, and organic eubstancos. and by ths increased
branching out of the bushes strewn about the hill, the distances between the
individnal epecimens ars decreassd. For the fully formed large hills we havs
the following average picture of the distribation of tamarisk:

©0-10m 10.1-20 20.1-30 30.1-%0 40,1-50 50.1-60 60.1-70
,63% 26 6.1 3.2 1 0 0.7

After measuring the distancos betwesn the spots which represent individual
‘‘mshes on the a’rial photograph, and after dstermining the quartitative character
of their distributicn, it i possible to determine, acccrding to the degree of
simnilarity with cme of the two schemss cited, which phase of chakalak development &
given portiom of the aerial photograph represents. After establishing the phase
of hil) development, it is possible to make a series of comclusions about their
dimensione, the relative level or gubsurface vaters, and the character of the soil
and the herbacecus vegetatlion, because all these landsospe elements are different
in the tvo phepes defined.

In the approaches to the Amm Darya strip it is noticeabls, in the cass of the
dark haloxylon in the deprossioms (Takyry), that there 1s a chengs in the character
of distribtution, depsnding on whether or mot the eurface of the derreasion 1s free
of alluvium, ﬁ is an apparsntly local designation for oircular or elongated
depressions covering up to meversl squere ¥ilcmsters. They collect thaw waters in
spring and 4ry @p in sommer. _)Eguonting a erystaliine, parquet appearance due to the
substances carried by the water./ This change can be repreassnted by the foiloving
figurea (averages from messurements in eight different areas):

Class of

R Distance
{in m) 0-5.0 5,1- 10.1- 15.1- 20.1- 25.1- 30.1- 35.1- 40,1- 45,1
Location 10 15 20 25 30 35 W k5 S50

Bai® depressicne 19.2 15.2 18.3 16 12,3 8.5 3.8 1.0 1.9 3.8
Depressions vwith

alluvium T2 28 0 (o] 4] 0 0 0 0 0 -
N -k -
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* Theretors, having deteriiined the distributics of naloxylon from the photo-
graph, it is poseible to find out the character of the surface of the dsproseion.

Groat importence can hereby be attached to the question of the similarity
of data om distribution, as obtained from measurements taken on the ground and
data obtained from the photographs. Upon comparing the data obtained from both
gources, it was shown that for Haloxylon apkyllum and species of Tamcrix thare
was satisfectory sgreement oven in the c.ss of photographs at a scale of 1Y20,000.
Satisfactory correspondence for Nitraris Schoberi, Lycium turccuanicum, and Suseda
physaphora was achieved only on the 1:10,0C0 photographs.

‘Uporn aralyzing t’he« vegetation as depicted ¢on the aerial photograyb it is
often neceassary to Getect faint apd 1ittle noticed features of plant dlstribution.
The' author éndeavored to make use of the caloulation of the coefilclent of djapersion
for this. Thir idea vwas introduced im ths statistics of Iexie and Dormsy and in the
biclogy of Svedberg. Im the fleid of astutistice it s determined by the degree of
stabllity of statisticel seriss. It 1s expressed here as the mamnner im which the
mejorities of a mpecies are grouped on the defined areas (studisd by us) arcund the
normal majlority.

The coefficient of dimpersiocn iv dsterminsd by the ratio:

g . L
v

Where J° eguals Lhs aversge quadratic variation smnd U equals the noreml majorily.

If the specles 1s distributed on the surface with no definite pattern, the
ratio will be one, or close to it--this would be & case of normel dispersion. It
the dietribution of the species 18 spotty--concentrated in some instances and sparse
in others, the coefficient of dispersion vill he more than oue (above normal disper-
sion). If the specles is distridutad more unifarmly, conforming more cloaeiy to
aome patternm, the coefficient will be legs than ons (below normal diespersion). In
this study there was particular interest in the appearance of instances of above-
normal disperaion, indlesting an unegqual distribution.

The determination of the coefticiemt of diepersion reguiree a calculaticn of
majority for not lees than 100 sectors, and 1t is difficult in woody and drushwood
vegatation to conduct ground msasuremsnts. Acrial photography removes thie obstacle
by permitting a gquick calculation of important dimensione. We comducted calculstions
on photographs with ssales cf 1:10,000 and 1:20,000; sectors of 50x 50 meters were
used in tha firat insteuce, and sectors 5f 100 X 100 wmeters in the second.. Calcula-
tions vers made with the aid of a magnifying glass on an area gelected at random.

The application of the coefficient of dispersion made 1t poseible to be dis-
criminating in several complex instances. Mention has already been made of the
overgrowth of tamarisk bushee iIn the form of little chains snd bands at the outlets
of subsurface waters along tectonic lines and formation comtacte. Usually theas
overgrovths are immediately recognizsble by their peculiar linear configuration;
however, et times recognition is quite difficult and the researcher has no guarantee
that his recognition is not, in reality, 2 eubjective conclueion.

Solving a similar problem, ths author determined the cosfficlent of fispersion
Tor two neighboring sections of overgrowilh, om® section of which seemed completely
uniform ae to distribution while the other had only & faintly perceptiBle and highly
disputable etriation. Ths first section, which served as a standard of viasible
uniformity, had a coefficient ~f 1.8; tho second section, 5.92. Thus, the irregularity
o{ distridbution of the tamarisk in the second section received a quantitative expres-
gion.
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The above-mwentloned phases ol developmeat of the chains of hills were likewiee

E expreesed in the gradual increase of the coefficlent of disperaion--from 1.28 4n
e the first phase o 1.72 in the sscond. This apperently 1e explainsd by the growth h
s/ : in the dlameter of the hills in the dirsctlon sxpomed to prevaillng winds and by
g the dying off of the tamarisk.

Upon analyzing the structure of the cutlines of the overgrowths of Witrarls,
Schoberi, aad Lycium turcomanicum vnder various conditions, 1t was poseidls to
astsblish the following: In overgrowths formed neer active eubsurface watsrs, the
presence of large bushes, more than 2.5 meters in dlameter, situnated on the hills
apd distributed quite irregularly erocund the homogenecus background of the sparaer
tnehes, is characteristic. The ccefficient of dispursion for these lerge apeci- '
mens 18 8.5. However, it is not alwrys possible to cbserve the irregmlarity of
their distridution om the photograph and, therefore, the sbose normal diepsrsion
fignre appears to be the only rellable characteristis.

The material provented permits formilation of the following bried ecmelneions.

1. The pattern set up by the vegetation on the serial thotograph can eerve .
az a eriterion for identifying several types of habitats and the vegetation iteelf.
This eriterion sesned mcst adapted to the Iinterpretation of hydrogeclogical condi- -
tions. .

2. The pattern cen be described in terms of the singularity of ocutlines and

2 L. U o D ik am .

whrucbure abttributsd to hydregeological conditions.

2, In those instances when a qualitative or more precise rerort is diffienlt,

an asrisl photo representaticum of vegetation cam be characterized Ly quantitative
indexes: Ly the distributlion of specimerna and by the coofficient of dlspercien.
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